This series is dedicated to reporting our recent research in spatial science in general and economic geography & geoinformatics in particular. It contains scientific studies focusing on spatial phenomena, utilizing theoretical frameworks, analytical methods and empirical procedures specifically designed for spatial analysis. The aim is to present the research at the Department to an informed readership in universities, research organizations and policy-making institutions throughout the world. The type of materials considered for publication in the series includes interim reports presenting work in progress and papers which have been submitted for publication elsewhere. 
Introduction
The context of this paper is set by the contemporary transition from an industrial to a knowledgebased economy. OECD (1996a) has documented the way in which the knowledge-based economy of learning individuals, organisations and economies is emerging out of the machine-based economy that determined advanced economies in most of the time in the 20 th century. Although there is considerable debate on the precise nature of the restructuring that is taking place, there is wide agreement that knowledge creation and diffusion are increasingly significant processes in the innovation process. The innovation process involves the use, application and transformation of scientific and technological knowledge in the solution of practical problems.
Such an innovation process requires a high level of interaction, dialogue and exchange of information that may be conducted long-distance, but is often less expensive, more reliable and easier to conduct locally. Recent empirical studies support this view (see, for example, Jaffe, Trajtenberg and Henderson 1993; Anselin, Varga and Acs 1997; Fischer and Varga 2001) . The clustering of inputs such as industrial R&D and university research, agglomerations of manufacturing firms in related industries and networks of producer service providers often create scale economies in the generation of knowledge, and facilitate the transfer of knowledge to firms in the region (Maskell 1999) .
The emphasis on knowledge creation and interactivity provides a foundation for systemic approaches to the analysis of innovation processes. Systems of innovation is a novel systemic approach that has emerged more or less during the past decade for studying innovation as an endogeneous part of the economy and, in fact, as driving force behind economic change. According to this approach innovations are seen as part of a larger process of knowledge production of economic relevance. The approach stresses that firms do not innovate in isolation, but in interaction with other organisations. These may include other firms [suppliers, customers and competitors] , R&D institutes, universities and other forms of producer services.
The systems of innovation approach evolved first in a national context (Freeman 1987 , Lundvall 1992 , Nelson 1993 , OECD 1994 , Edquist 1997a ), and then in a regional context (see, for example, Cooke, Gomes Uranga and Etxebarria 1997 , Brazcyk, Cooke and Heidenreich 1998 , Malecki and Oinas 1999 , Fischer 2001 . The interest in regional innovation systems arises especially because it is increasingly recognised that important elements of the process of innovation become transnational and global, or regional rather than national. The driving forces behind this recognition are two processes that are simultaneously at work today: the process of globalisation of factor and commodity markets and the regionalisation of knowledge creation and learning. This concurs with the view expressed in Ohmae's work on the hollowing-out of the nation state in an increasingly borderless economic world and its identification of the regional rather than the national scale as the relevant economic scale at which leading edge business competitiveness is being organised in practical terms (Ohmae 1995) .
In this paper, we provide a more precise view of the innovation process first, then address the role of knowledge creation and spillovers, present the systems of innovation approach, make a strong case for the importance of the subnational regional scale as an appropriate mode of analysing, and conclude finally with a brief discussion of policy implication of this perspective. The objective is to increase our ability to understand the importance of knowledge creation and innovation for economic performance.
The Innovation Process
Commercial products and production processes represent various combinations of pieces of knowledge in a specific technology set. Innovation is generally defined as the activities of developing and commercialising new products and processes (see, for example, Hall 1986). These innovation activities are of two major types: fundamental, which involves the creation and utilisation of a piece of novel scientific, technological or organisational knowledge; and incremental, which concerns product or process improvements based on existing knowledge (Freeman 1986) . Product innovations are a matter of what is produced, while process innovations are a matter of how products are produced. Technological products and process innovations in the form of goods yield material outcomes. Organisational process innovations and product innovations in services are intangible. But they are not less important (Edquist and Rees 2000) .
For a long time thinking about innovation has been guided by a linear model. The development, production and marketing of new technology [defined in the sense of Mansfield et al. (1982) as consisting of a pool or set of knowledge] was assumed to follow a well defined time sequence which began with basic and applied research activities, involved a product development stage, and then led to production and possibly commercialisation. This model corresponds less and less to the realities of the innovation process. It was undoubtedly better adapted to the technology trajectories based on radical process innovations, as in the 1950s and 1960s [for example, petrochemicals development] than today's that are more based on product innovation and even, to some extent, eliminate the distinction between these two types of innovation.
This criticism has led to a broader view of the process of innovation as an interactive process. The presently emerging innovation theory emphasises the central role of feedback effects between the downstream and upstream phases of innovation and the numerous interactions between science, technology and innovation related activities within and among firms. Through interaction and feedback different pieces of knowledge become combined in new ways or new knowledge is created.
The innovation process at the firm level may be viewed as a set of activities that are linked to one another through complex feedback loops. The process may be seen as a chain, starting with the perception of a new market opportunity and/or a new invention based on novel pieces of scientific and/or technological knowledge followed by the analytical design for a new product or process and testing, redesign and production, and distribution and marketing. Short feedback loops link each downstream phase with the phase immediately preceding it. Longer feedback loops link perceived market demand and product users with phases upstream. A second set of relationships link the innovation process embedded in the firm with its firm-specific knowledge base, the general scientific and technological pool and with research in general (see Fischer 2001 ).
This so-called chain-linked model of the innovation process (see Kline and Rosenberg 1986) combines two types of interaction. One concerns processes that occur through new forms of product development practice within the firm and create appropriate feedback relationships (see, for example, Nonaka and Takeuchi 1995 (Powell 1990 ).
Networks show a considerable range and variety in content, which differs according to specific circumstances. Their nature is shaped by the objectives for which network linkages are formed. For example, they may focus on a single point of the R&D-to-commercialisation process or may cover the whole innovation process. The content and shape of a network will also differ according to the nature of relationships and linkages between the various actors involved (see Chesnais 1988) . At the one end of the spectrum lie highly formalised relationships. The formal structure may consist of regulations, contracts and rules that link actors and activities with varying degrees of constraint. At the other end are the network relations of a mainly informal nature, linking actors through open chains. Such relations are very hard to measure (Freeman 1991) . Whenever interfirm transactions tend to be small in scale, variable and unpredictable in nature, requiring face-to-face contact, then network formation will focus on the close proximity of the partners involved (Storper 1997) .
Knowledge Creation and Spillovers
The system of innovation approach places knowledge creation and knowledge spillovers at its very centre. Any discussion of knowledge invariably leads to the question of the relationship between information and knowledge. The common understanding is that information does not become knowledge unless its value is somehow enhanced through interpretation, organisation, filtration, selection or engineering. Information may be interpreted as factual (Saviotti 1988) , while knowledge establishes generalisations and correlations between variables (Anderssen 1985). Particular pieces of information can be understood only in the context of a given type of knowledge, for example a theory. New knowledge creates new information and this information can be understood and used only by those who possess the new knowledge. In this sense knowledge has a retrieval/interpretative and not only a correlational function (Saviotti 1998 ).
Knowledge has some further outstanding characteristics that are important to mention. First, knowledge is cumulative (Teece 1981, Nelson and Winter 1982) which implies path-dependence and the possibility of creating barriers, since established participants -in given technologiesaccumulate a differential advantage with respect to potential entrants. Knowledge in firms also has a collective character. This means that knowledge is not simply the sum of the pieces embodied in the individual workers of the firm (Saviotti 1998) . In this sense, the knowledge base of a firm may be defined as the collective knowledge that a firm uses to produce its output.
The knowledge base contains knowledge in all its forms, from simple and routine procedures of everyday life to the methods of organisation and management, from the machinery [i.e. embodied knowledge] to the scientific concepts, methods and theories that enable newer inventions. In most cases, a piece of knowledge can be located somewhere in a range between the completely tacit and completely codified. Tacitness refers to those elements of knowledge that persons have which are ill-defined, uncodified and which they themselves can not fully articulate and which differ from person to person, but which may be shared by collaborators who have a common experience (Polanyi 1967) . Knowledge is always at least partly tacit in the minds of those who create it. The process of codification is necessary because knowledge production is a collective undertaking that requires communication. The transmitter and the receiver have to know the code to be able to communicate. The codification process for a given subject amounts to the gradual convergence of the scientific community and of other users on common standardised definitions and concepts, on common contents and theories. The degree of codification differs for different types of knowledge at a given time. Knowledge closer to the frontier, and thus more recent, is likely to more tacit than knowledge which is already established (Saviotti 1998 ).
Codified knowledge is that form of knowledge that is in some way tangible -usually found in print form, such as scientific papers and patent applications. Much knowledge is codified and accessible. But much of the essential knowledge -especially the newer parts that constitute the frontierresides in tacit form in the minds of experienced individual researchers or engineers. This personembodied knowledge is generally difficult to transfer, and is often only shared by colleagues if they have learned the code through common practice. On the one hand, a given type of knowledge may become more codified as it matures, on the other, the act of embodying it into specific goods and services may reintroduce some 'tacitness'.
Spillovers stem from specific features of knowledge. In particular, knowledge is a non-rivalrous and partially excludable good. Non-rivalry implies that a new piece of knowledge can be utilised many times and in many different circumstances, for example by combining with knowledge coming from another domain. Lack of excludability, on the other hand, implies that it is difficult for firms that have devoted resources to R&D fully to appropriate the benefits and prevent others from using the knowledge without compensation or with compensation less than the value of the knowledge (Teece 1986 ). While knowledge is subject to spillovers, however, it is only imperfectly excludable. With the use of patents or other devices such as secrecy knowledge producing firms capture at least part of the social benefits associated with the production of knowledge, and this is an incentive for their R&D investment (OECD 1992) . The interest of users of knowledge (i.e. firms either than the knowledge producing firm) is thus best served if -once produced -knowledge is widely available and diffused at the lowest possible cost. This implies low appropriability for knowledge producers or -put another way -an environment rich in knowledge spillovers.
The term spillover is used in economics to capture the idea that same of the economic benefits of R&D activities accrue to economic agents other than the party that undertakes the research.
Competing firms that initiate a successful innovation, and firms whose own research benefits from observation of the successes and failures of others' research effects all garner such spillover benefits. These examples suggest that such spillovers are created by a combination of the new knowledge resulting from a R&D effect, and the commercialisation of the new technology in terms of a new product or process that is successfully implemented in the market place (Jaffe 1996) . Research spillovers have been defined by Cohen and Levingthal (1989) to include any original valuable knowledge generated in the research process that becomes publicly accessible whether it be knowledge fully characterising an innovation or knowledge of a more intermediate nature. They have been also termed disembodied or knowledge spillovers to emphasise that they do not necessarily relate to knowledge embodied in machinery or equipment.
The Systems of Innovation Approach
The systems of innovation approach places innovation, knowledge creation and diffusion at its very centre. Innovation and knowledge creation are viewed as interactive and cumulative processes contingent on the institutional set-up. It departs from the network school of research (Håkansson 1987) with its emphasis on the role of the institutional set-up, i.e. that institutions play in the innovation process (see Edquist and Johnson 1997) . The concept of institutions refers at an abstract level to the recurrent patterns of behaviour: socially inherited habits, conventions including regulation, values and routines (Morgan 1997 ) that assist in regulating the relations between people and groups of people within as well as between and outside the organisations. Where the interrelationships between organisations are characterised by high levels of trust, uncertainty in relation to knowledge exchange is reduced, stable, and reciprocal interactions are developed and, thus, innovative capability is greatly enhanced (Edquist and Rees 2000) .
A system of innovation can be thought of as consisting of a set of actors or entities such as firms, other organisations and institutions that interact in the generation, use and diffusion of new -and economically useful -knowledge in the production process. At the current stage of development there is no general agreement as to which elements and relations are essential to the conceptual core of the framework and what is their precise content (Edquist 1997b ). This leaves room for a conceptual discussion.
Systems that attempt to encompass the whole innovation process may be expected to include four key building blocks that comprise groups of actors sharing some common characteristics and institutions governing the relations within and between the groups (see Fig. 1 ):
• The Manufacturing Sector
This sector is made up of manufacturing firms [the central actors in the system of innovation] and their R&D laboratories that play a fundamental role in performing research and technological development.
• The Scientific Sector
The scientific sector plays a very important role in technological innovation. It consists of two components: a training component that includes educational and training organisations on which the supply of scientists, engineers, technicians and other skilled workers possessing appropriate skill profiles depends, and a research component including universities and other research organisations that generate and diffuse knowledge and produce documents in the form of scientific publications. This sector involves those agents [government, private non-profit, universities, higher education] that both fund and carry out research or offer education.
Fig. 1: The major building blocks of a System of Innovation

• The Sector of Producer Services
This sector includes organisations or units within larger organisations which provide assistance or support to industrial firms for the development and/or introduction of new products or processes. This may take any of the following forms: financial, technical advice or expertise, physical [equipment, software, computing facilities], marketing or training related to new technologies or procedures.
• The Institutional Sector
Many of the tasks that a typical firm must perform require coordination, either within the firm between various groups of employees or outside it with other suppliers, other firms, and providers of producer services including finance. There is a variety of ways in which the performance of these tasks can be coordinated, each involving different kinds of firm behaviour. But in general one can distinguish market coordination that relies on the kind of market institutions neo-classical economics usually assumes to be important, and non-market To describe and compare systems of innovation in the broad sense one has to open the boxes of the subsystems, identify the constituent elements and specify those relations between and within the subsystems that have importance for innovation performance. A first source of diversity among different systems might be due to differences in the macroeconomic context, the quality of information and communication infrastructures as well as in factor and product market conditions.
The innovation performance of an economy is notably determined by the characteristics and abilities of its individual firms and other organisations contingent on its institutions, but also very much by the different kinds of relations between them, i.e. the ways they interact with each other and with the sector of institutions. The character as well as the change of these interaction patterns are central aspects of innovation systems. Linkages within and between the sectors can be specified in terms of knowledge and information flows, flows of investment funding, flows of authority and labour mobility [scientists, technicians, engineers and other skilled workers] as important mechanisms for the transfer of tacit forms of knowledge particularly from the scientific to the manufacturing sector, but also within the latter.
Network analysis may assist to identify the central actors in the four subsystems [building blocks] in specific cases, and of the type of information and knowledge they exchange. Different kinds of norms, conventions and established practices that are expected to have important implications for knowledge creation and learning are forming the economy's patterns of interaction, both inside firms and other organisations and between them. Searching for and explaining interaction patterns that lead to the creation, dissemination and use of knowledge is part of the systems of innovation approach (Johnson 1997) . It can be hypothesised, for example, that there will be strong and weak, regular and irregular interactions which shape the system.
Firms are the main carriers of technological innovation. Their capacity to innovate is partly determined by their own capabilities, and partly by their absorption capacities. Increasing complexity, costs and risks in innovation enhance the role of collaboration and networking in the innovation process to reduce moral hazard and transaction costs. In addition to traditional marketmediated relations such as the purchase of equipment and licensing of technology, firms exchange information and engage in mutual learning in their roles as customers, suppliers and subcontractors, and even competitors. A coherent system of innovation has necessarily to include a series of more or less coordinated network-like relations such as (Fischer 1999 ):
• Customer-producer relations, i.e., forward linkages of manufacturing firms with distributors, value-added resellers and end users,
• Producer-manufacturing supplier relations which include subcontracting arrangements between a client and its manufacturing suppliers of intermediate production units,
• Producer-service supplier relations which include arrangements between a client and its producer service partners [especially computer and related service firms, technical consultants, business and management consultants],
• Producer network relations which include all co-production arrangements [bearing on some degree or another on technology] that enable competing producers to pool their production capacities, financial and human resources in order to broaden their product portfolios and geographic coverage,
• Science-industry collaboration between universities and industrial firms at various levels pursued to gain rapid access to new scientific and technological knowledge and to benefit from economies of scale in joint R&D, such as direct interactions between particular firms and particular faculty members, or joint research projects, as through consulting arrangements, or mechanisms that tie university or research programs to groups of firms.
Regional Systems of Innovation
Interest in regional innovation systems arises from the manifest differences in economic growth and levels of welfare between regions. Regions within nation-states share some of the aspects of the entire countries such as educational legislation and technology policy, but they have different possibilities to go their own way, and ultimately end up diverging from a national average. Especially if there is a large number of firms that form a specialised local/regional system, it is likely that the region becomes distinct from the rest of the regions in a country in some significant aspects (Oinas and Malecki 1998).
Geographic proximity can be considered as a necessary, but not sufficient precondition for the existence of a regional system of innovation. A proximity that is only geographic in nature can provide the basis for the presence of an agglomeration of firms, but not necessarily for the presence of a system of innovation. The potential of an innovation system crucially depends, above all else as discussed above, on two factors: geographic proximity and technological proximity. Geographic proximity indicates the positioning of actors within a given spatial framework, while technological proximity pertains to the association with the set of vertical or horizontal interdependencies within the scope of production relationships. The transformation of these two types of proximity into a regional system of innovation assumes that they be institutionally organised and structured (Kirat and Lung 1999) . Thus, regional systems of innovation are grounded in collective action at a territorial level. The cohesiveness of such a system of innovation is provided by a spectrum of informal institutions, i.e. the territorially prevailing set of rules, conventions and norms (Kirat and Lung 1999) .
The systems of innovation approach evolved first in a national context (Freeman 1987) , and then in a regional context (see, for example, Cooke, Gomes Uranga and Etxebarria 1997 , Brazcyk, Cooke and Heidenreich 1998 , Malecki and Oinas 1999 . The tradition of studying national systems of innovation has been a recent development (see, for example, Lundvall 1992 , Nelson 1993 , Niosi et al. 1993 , OECD 1994 , Edquist 1997a . Interesting questions and findings have emerged from this literature that sought to establish the extent of convergence and divergence among national innovation systems. This question was of special interest in Europe, given the emergence of European innovation-related institutions that have developed simultaneously with European Community institutions (see Caracostas and Soete 1997) .
It is increasingly being recognized that important elements of the process of innovation become transnational and global, or regional rather than national. The driving forces behind this recognition are two processes that are simultaneously at work today: the process of globalisation of factor and commodity markets and the regionalisation of knowledge creation and learning. This concurs with the view expressed in Ohmae's work on the hollowing-out of the nation state in an increasingly borderless economic world and its identification of the regional rather than the national scale as the relevant economic scale at which leading edge business competitiveness is being organised in practical terms (Ohmae 1995) .
This awareness does not claim that the national scale is unimportant or irrelevant. This scale continues to be crucial in some circumstances. But it is becoming increasingly clear that there is no a priori reason to privilege this particular spatial scale in systems of innovation research, irrespective of time and place (see also Hudson 1999) . A strong case is made today that the regional [i.e. subnational] scale is growing in importance as a mode for innovation systems research. The main argument for this is that regional agglomeration provides the best context for an innovation-based learning economy (Hudson 1999) , for knowledge creation and diffusion and learning. Specific forms of knowledge creation, especially the tacit forms, and of technological learning are both regional and territorially specific. The firms that master knowledge that is not fully codifiable are tied into various kinds of networks with other firms and organisations through regional input-output relations, knowledge spillovers and their untraded interdependencies (Storper 1997) . In some cases market exchange, knowledge spillovers and untraded relations are woven between the various activities within the scope of vertical or horizontal production relationships, but often they are separated.
Formal exchange [i.e. traded interdependencies] and -more importantly -knowledge spillovers and their untraded interdependencies lie at the heart of this line of reasoning:
• First, regional input-output relations constitute webs of customer-producer and producersupplier relations that are essential to communicate information about both technological opportunities and user needs. The user/supplier and producer will gradually develop a common code of communication, making the exchange of information more efficient. To leave a well-established user-producer or producer-supplier relationship becomes increasingly costly and involves a loss of information capital (Lundvall 1992 ).
• Second, knowledge spillovers occur because knowledge created by one firm or another organisation is typically not contained within that organisation, and thereby creates value for other firms and other firms' customers. Knowledge spillovers are especially likely to result from basic research, but they are also generated from applied research and technological development. This can occur, for example, in obvious ways such as reverse engineering of products, but also in less obvious ones such as when one firm's abandonment of a particular research line signals to others that the line is unproductive and, thus, saves them the expense of learning this themselves. Three vehicles of such spillovers may be distinguished: first, the scientific sector with its general scientific and technological knowledge pool; second, the firm-specific knowledge pool; and, third, the business-business and industry-university relations that make them possible. Once the central role of knowledge spillovers is recognised, a place for informal institutions appears.
• Third, untraded interdependencies or regional assets are less tangible benefits that attach to the process of economic coordination and organisational knowledge creation. They are derived from geographical clustering, both economic -such as the development of a pooled labour market -and sociocultural -such as developed routines, shared values, norms, rules and trust that facilitate interactive processes and mutual understanding in the transmission of information and knowledge. Because tacit knowledge is collective in nature and wedded to its sociocultural context, it is more territorially and place specific than is generally thought.
Thus, from a more general perspective it can be argued that it is the combination of territorially embedded Marshallian agglomeration economies, knowledge creation and spillovers and their untraded interdependencies that defines the importance of the regional scale in innovation systems research.
Some Policy Implications
It is a common view today that the emergence of an innovation-led global economy with all its uncertainties and difficulties of national macroeconomic management is demanding that national governments reconsider their role. In particular, the optimum level of governance is requiring reexamination. Of crucial importance are here the varying competencies of supranational, national and subnational [regional] levels of government within different governance systems such as centralised and federal ones. Matters of macroeconomic management have usually been dealt with at the national level of government. But with increasing significance at supranational governance this is becoming a matter of controversy.
The systemic approach to innovation discussed in the previous sections may provide the conceptual basis for developing particular forms of public intervention, with special emphasis on increasing the regional capabilities for innovation. Edquist and Rees (2000) suggest to distinguish two types of policy implications of the approach. First, the systems of innovation approach contains general policy implications that can be extracted from the characteristics of the approach. Second, the approach provides a framework for identifying specific policy issues that should become the focus of policy actions.
General policy implications of the approach are related to organisations and institutions, relations between these, lock-in situations and demand side instruments. A general policy implication derived from the interactive character of the innovation process is that innovation policy should not focus only on the organisations and institutions, but also and -perhaps foremostly -on the links and relations between them. Interactions between the different components of a regional innovation system can be hampered by a number of factors: first, conflicting incentive structures [cultures] of partners, for example, university versus business; second, market failures that may impede access by firms [especially smaller ones] to information and knowledge, or may distort firm's incentives to invest in technology or absorption capacity [for example, high transaction costs, lack of competition stimuli]; third, lack of managerial competencies reducing the understanding of the role of innovation in competitive strategy, and of the benefits of collaborative strategy of knowledge acquisition; fourth, financial markets that are unable to assess firm's investment in interactive learning [for example, underdevelopment of specialised venture capital], last but not at least, lack of human resources on which to build capabilities to absorb external knowledge.
Hence, the interactions between the organisations and institutions should be facilitated by means of policy if they are not functioning sufficiently well. In periods of structural change, regions might have to redesign many of its organisations and institutions as well as the interface between them. The interdependent and non-linear view that characterises the systems of innovation approach implies that it is natural to bring in demand as an important determinant of innovation. This widens traditional supply-side diffusion measures towards policies that recognise innovations and diffusion as interdependent processes. This translates into a greater role for demand driven programmes, network-building initiatives, measures to upgrade the technology diffusion infrastructure and improve its relevance for and accessibility by smaller firms. In order to achieve maximum beverage technology diffusion policies have to build on existing interrelationships in regional innovation systems, especially networks within firms collaborate and exchange tacit forms of knowledge.
The evolutionary character and the path dependence of innovation processes delivers arguments for early policy interventions and for supporting the emergence of new sectors that would facilitate transitions from dead-end trajectories for regions and firms. Negative 'lock-in' situations imply a role for policy in adapting the shifts in technology and demand (Edquist and Ress 2000) .
In addition, the systems of innovation approach can fruitfully serve as a framework for developing specific policy issues. Concrete comparative analyses are necessary for the design of specific policies in the field of innovation. It is appropriate because it places innovation at its very centre and enables to capture differences between systems of innovation and to identify these problems that should be object of policy intervention. This might indicate to policy makers when, where and how to use financial resources for innovation purposes. This might also indicate how to devise institutions and organisations, how to redesign the interfaces etc. (Edquist and Rees 2000) .
